Carbon nanotubes (CNTs) offer many unique and outstanding properties. However, the extremely small dimensions of CNTswith diameters on the nanometer scale-limit their practical application. One of the most serious bottlenecks to commercialization is how to precisely deposit the tubes on a surface, or substrate, either individually or as a bulk material.
Figure 1. Layer-by-layer self-assembly of polyelectrolytes/CNTs and polyelectrolytes/nanoparticles.

Figure 2. Schematic diagram of the cantilever array fabricated on a silicon substrate. The enlarged area illustrates the multilayer, which consists of polycations (+), polyanions (-), Fe 2 O 3 nanoparticles (-), and CNTs (-).
bonds, and form uniform and stable thin films. With a proper (positive-negative-positive) alternation, the CNTs and nanoparticles can be put together in any order, and the thickness can be controlled with nanometer precision (see Figure 1) .
One of the most important advantages of CNTs is their high mechanical strength. CNT/polymer composites show high Young's modulus (elasticity) of 17GPa. 6 To investigate the potential applications of CNT films, we fabricated 3D magnetic cantilever arrays using polycations, CNTs, and Fe 2 O 3 nanoparticles (see Figure 2 ). Both the roots and the beams are composed of CNT multilayers. Fe 2 O 3 nanoparticles are integrated in the structure as a magnetically sensitive material, which makes actuation and measurement convenient.
Fabrication of the 3D cantilever arrays is based on the 2D patterning method and involves several UV lithography and photoresist development steps. A modified lift-off technique provides additional protection for the cantilevers. 7 Figure 3 details the fabrication process. A layer of photoresist is spin- coated onto the substrate and patterned by lithography and development. A second lithography step is executed with part of the photoresist layer protected. The shielded material is used as a sacrificial layer underneath the cantilever beam. The polyelectrolyte/CNT/Fe 2 O 3 multilayer is self-assembled on the substrate. Another photoresist layer is spin-coated onto the substrate to cover the assembled multilayer, followed by a third lithography step. The part of the photoresist that covers the cantilever root and beam is protected by the photomask. The other
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10.1117/2.1200710.0901 Page 3/3 part is exposed under UV light and then dissolved by developer with the assistance of ultrasonic vibration. As a result, the unexposed layers and the intercalated cantilever remain on the substrate. The freestanding cantilever beam is released by stripping off the photoresist-both the bottom sacrificial layer and the upper protective layer-with acetone. The effective thickness of the cantilever is estimated to be 200nm. An external magnetic field is applied by holding a permanent magnet 1cm above the device. Figure 4 shows the behavior of the cantilever beam during magnetic actuation. The beam is gradually deflected from 0
• to about 135
• . The device restores rapidly after the magnet is removed. There is no observable structural failure or damage following repeated deflections (more than 100 times). The CNT multilayer has proven to be very strong and flexible, properties that are attractive for many applications. In summary, we have presented an effective, simple, lowcost, and low-temperature approach to making CNT-based 3D cantilever arrays by combining nano-self-assembly with microlithography. The strength and thickness of the cantilevers can be adjusted over a wide range. The devices are robust and easily deflected to over 90
• . They can be used as magnetically driven microactuators. And because many biomolecules are easily adsorbed on the self-assembled multilayer, the devices also have potential for biosensing applications. 
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